This article reports the evaluation of [I S F] _ 4 _ fluoroantipyrine (FAP) as a quantitative blood flow tracer by comparing blood flow measured with [IsFlFAP to that determined simultaneously with [14C]-4 -iodoantipyrine (lAP), a standard blood flow tracer, by means of double tracer autoradiography. The single-pass extraction value (m)
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used method for measuring LCBF in spite of the suggestion by Goldman et al. (1980) that lAP also has a diffusion limitation and might underestimate CBF in areas of high flow.
[ 1 8F]-4-Fluoroantipyrine ([18F]FAP ) was recently synthesized (Shine et aI., 1981) as a blood flow tracer for possible use with positron emission to mography. Using an 18F-Iabelled blood flow tracer in combination with other 14C-Iabe\led commer cia\ly available tracers, we measured two parame ters in the same animal, thereby reducing the error inherited in a pathological model. This double tracer method should produce more accurate and more consistent results. The experiments described in this article were designed mainly to evaluate [18F]FAP as a freely diffusible tracer, a regional blood flow tracer. In our investigations we used quantitative double-tracer autoradiography, which has been described elsewhere (Sako et aI., 1983) .
MATERIALS AND METHODS

Determination of brain extraction of [18F]F AP employing the indicator diffusion method
The single-pass extraction value (m) of FAP was de termined in three Wistar rats weighing 200-250 g fol lowing the procedure described by Crone (1965) . The right common carotid and femoral arteries were cannu lated, and a small burr hole was made over the region of the confluens sinus. These surgical procedures were per formed under 1.0% halothane anesthesia, subsequently reduced to below 0.5% during the measurement. Blood pressure was monitored continuously. The experiment was started when the mean arterial blood pressure ex ceeded 110 mm Hg.
A mixture of [l8F]FAP and [14Clinulin (New England Nuclear, Boston, MA, U.S.A.) was prepared, and an ali quote of 10 j.Ll was taken as a standard. The solution, containing approximately 1 j.LCi of [l4C]inulin and 100 j.LCi of [l8F]FAP in 100 j.LI of 0.9% NaCl, was trapped in a catheter and connected to a syringe containing 200 j.L1 0.9% NaCI. The 100-j.L1 mixture of the two isotopes, fol lowed by a 100-j.L1 0.9% NaCI washout bolus, was rapidly injected through the right common carotid artery cath eter. A few seconds before the injection, the sinus con fluens was opened through a burr hole and approximately 10-j.L1 blood samples were collected at 2-s intervals. The collected blood was added to scintillation vials containing 0.9 ml Hp. The radioactivity of 18F was measured im mediately using a gamma scintillation counter (Model 810 C; Baird-Atomic, Cambridge, MA, U.S.A.), and the ra dioactivity of 14C was measured 5 day s later (65 half-lives of 18F) using a liquid scintillation counter (1215 Rackbeta liquid scintillation counter; Wallac oy Tu rku, Finland). All activities were expressed in disintegrations per minute. The single-pass extraction value was calculated employing the equation m = (C r -C t )/C r in which Cis the ratio of disintegrations per minute of isotope in blood to the amount injected and the subscripts r and t repre sent, respectively, the nondiffusible reference tracer and the diffusible test tracer.
Determination of brain -blood partition coefficient
The brain-blood partition coefficient for FAP was de termined in anesthetized rats (ketamine chloride, 8-10 mg/kg i.p.). The renal artery and vein, portal vein, and hepatic and mesenteric arteries were ligated to minimize metabolic degradation of the tracer. Both the femoral ar tery and vein were cannulated, and about 3 mCi of [18F]FAP was injected through the femoral vein. One hour later, an arterial blood sample was withdrawn, the animal was decapitated, and the brain was quickly removed and frozen in liquid Freon-12. The frozen brain was cut lon gitudinally down the center. One half of the brain was used for radioassay, and the other half was sectioned for autoradiography. The ratio of tracer concentration in brain tissue to that in the blood samples was determined by radioassay. Tissue sections were then placed on X-ray film (Kodak SB5) for 2 h to evaluate the homogeneity of the partition coefficient.
Determination of CBF using the [18F]FAP and [14C]IAP double-tracer autoradiographic technique
Five conscious Wistar rats weighing 200-220 g were used. Two hours before the study, the femoral artery and vein were cannulated under 0.5% halothane anesthesia. Animals were immobilized by the application of a loose fitting plaster cast. Arterial blood pH, Pco2, Po2, hemat ocrit, and blood pressure were monitored. Rectal tem perature was maintained at approximately 37°C with a heating pad.
A mixture of 30 j. were withdrawn at 5-to 6-s intervals after the start of injection. The rats were then sacrificed by decapitation and their brains quickly removed and frozen in liquid Freon-12. The frozen brain was sliced into 20 j.Lm sec tions, mounted on a microscope cover glass, and dried for autoradiography. The radioactivity of 18F was measured in a 20-j.L1 blood sample by a gamma counter. Other 20-j.L1 blood samples were placed in liquid scintillation vials containing 0.9 ml distilled water. The radioactivity of these vials was as sayed 3 day s later (39 half-lives of 18F) when 18F activity was negligible. The tissue concentration of 14C and 18F was determined by double-tracer autoradiography. De tails of the double-tracer technique, described elsewhere (Sako et aI., 1983) , will be outlined here only briefly.
The first exposure was made for 2 h, with the 18F stan dards prepared in each experiment immediately after the preparation of tissue slices. At exposure time the radio activity of 18F in brain tissue was approximately 50 times greater than that of 14C. The optical density of the first exposure was due mainly to 18F. The cross-contamination of 14C in the first exposure was less than 2%. Three days later (39 half-lives of 18F), the second exposure was made for 5-6 days to obtain the 14C tissue concentration. The optical density in the second exposure was entirely due to the 14C. Tissue concentrations of each tracer were de termined from the calibration curves obtained by plotting the extinction of the autoradiogram as a function of 14C and 18F radioactivity. The LCBF was calculated using Kety's equation. A brain-blood partition coefficient of 0.8 for lAP and 0.89 for FAP was used. The working equation is T C j (T) = 'AK 1 C"e-K(T-t)d t where C j(T) is the brain tissue concentration of the tracer at time T, 'A is the brain-blood equilibrium partition coef ficient for the tracer, C a is the arterial concentration of the tracer, and the rate constant for flow, K, is defined as K = mFIV, where FIV is the rate of blood flow per unit volume and m is the constant between 0 and 1 that denotes the extent to which a diffusion equilibrium be tween blood and tissue is achieved during passage from the arterial to the venous end of the capillary.
The results reported here were calculated by using m = 1 for both tracers. The autoradiograms were analyzed by a densitometric method in conjunction with a com puterized image analyzer (Kato et aI., 1983) .
RESULTS
Brain extraction (m) of [18F]FAP
The m value for FAP, determined as a peak value of the extraction curve, was found to be 0.596 ± 0.047 (n = 3).
Brain-blood partition coefficient
Autoradiograms obtained on the brain cross sec tions 1 h after [18F]FAP injection were used for as sessment of homogeneity of the brain-blood par tition coefficient. [18F]FAP was distributed evenly through all structures of the brain, indicating that the brain-blood partition coefficient is uniform throughout the brain (no gray-white matter differ ence). The mean brain-blood partition coefficient determined by radioassay was 0. 89 ± 0.01 (n = 3).
Direct autoradiographic comparison of [14C]IAP LCBF and [18FJFAP LCBF
The arterial blood pressure, hemotocrit, and blood gases were within normal limits in the rats used in this study (Table O . Figure 1 shows Figure 2 shows the correlation of the CBF obtained with these two tracers.
DISCUSSION
The diffusibility of FAP was expected to be slightly lower than that of lAP because of the chem ical nature of FAP. However, factor m of FAP, ob tained by Crone's (1965) indicator diffusion method, was the same as that of lAP. Our experi ments to obtain factor m were performed under light halothane anesthesia, which increases CBF (Mc Dowall, 1967) . We therefore think that the m value obtained in our experiments was not unduly high. The definition of m was derived from Kety's (1951) equation as follows:
where P is the capillary permeability coefficient, S is the capillary surface area, and F is the blood flow.
The controversy about factor m was reviewed by To mita and Gotoh in 1981. Sakurada et al. (1978) Values are means ± SD (in mt/100 g/min).
took factor m for lAP to be the same as that for [1 3 11]CF 3 1, a volatile substance for which m should be very close to 1. On the other hand, Goldman et al. (1980) measured factor m directly according to Crone's (1965) procedure and reported m for lAP as 0. 553. Ta king the value of mas 0. 553 rather than 1 would double the value of CBF. Lear et al. (1982) pointed out that the indicator diffusion method described by Crone employed a higher injection rate than normal CBF. Since factor m depends on blood flow, m for lAP should be un derestimated if a high injection rate is used. The true m value for lAP remains unknown.
The objective of the present study was to eval uate [l8F]FAP as a diffusible flow tracer in compar ison with [l4C]IAP (considered as a standard). In our experiments we compared CBF directly, using a double-tracer autoradiographic technique. The absolute value of factor m is therefore not important as long as it is close to that of [l4C]IAP. We used m = 1 when calculating CBF. Ta ble 2 shows there was no statistically significant difference between the LCBF values as determined with the two tracers. Nevertheless, the values obtained with FAP tended to be higher than those measured with lAP in white matter structures. We think that this difference re sults from different tissue absorption for 14C and 18F l3-partieles in white matter. Hawkins and Ransohoff (1979) reported that tissue absorption of 14C parti cles was greater in the more dense white matter than in the gray matter. According to their results, the maximum difference between film density for the gray and white matter in a 20-J-Lm-thick brain slice containing the same amounts of 14C is about 13%. In our work the difference between the two tracers was even less, indicating that it may indeed result from dissimilar absorption of l3-rays. The 14C energy spectrum is distributed between o and 154 keY, with a mean energy of 45 keY. The 18F energy spectrum, on the other hand, ranges from 0 to 633 ke V, with a mean energy of 240 keY.
Since the 18F 13 + -spectrum is skewed toward high energy emission, there will be less of a difference in absorption between the gray and the white matter as compared to 14C. This explanation was also sup ported by Lear et al. (1981) , who found the differ ence between 14C and 1 2 3 1 to be 10%. In our study, the blood flow values for white matter obtained with [14C]IAP were 17% lower than those obtained with [l8F]FAP as a tracer. However, this difference is within one standard deviation.
From the present results we conclude that [18F]FAP is a good blood flow tracer for multinu elide autoradiography in animal experiments. Since we made no measurements in humans, we cannot discuss its merits for clinical use. Obviously the usefulness of [l8F]FAP for positron emission to-mography measurements in humans will depend on its metabolic stability and extraction limitation. In this regard, Lambrecht et al. (1982) recently re ported that the tracer is metabolically very stable; only about 8% of the original radioactivity appears in urine even 40 min after administration of the tracer. The whole-body radiation dose is about 43 mrads/mCi. [18F]FAP may therefore prove to be a good tracer for blood flow measurements in humans as well as in animals.
